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supported by Bach et al. (2017) , who showed that urinary nitrogen secretion was greater for 76 UHT-milk compared to raw and pasteurised milk using young dairy calves as a model. In 77 addition, Miranda and Pelissier (1987) found that heat treated milk (UHT and autoclaving) 78 increased gastric emptying rate and casein hydrolysis in rats. This contrasts to other work 
104
In addition, gastric conditions may induce different gastric colloidal behaviours, which could Past and UHT were studied within 1 day and Past/UHT+Homo were used within 2 days.
140
Milk fat, protein, lactose and total solids values were obtained using a Milkoscan FT 6000
141
(FOSS, Denmark) with a tolerance of ± 0.06 %. The nutrient composition of milk was M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
7 measured before each sample (see Table S .1 Supplementary Material) and the caloric content 143 was calculated using the Atwater factors. This ranged from 0.78 to 0.68 kcal/mL.
144
Pepsin from porcine gastric mucosa (Sigma Chemical Co., USA) had an enzymatic activity 145 of 3,875 units/mg protein, calculated by measuring the TCA-soluble products using 146 haemoglobin as substrate as described by Minekus et al. (2014) . All other chemicals were 147 purchased from Sigma-Aldrich unless specified otherwise. After collection of the raw milk and the respective milk processes, the samples went through 152 a simulated digestion. This was performed using two independent samples on different days.
153
Therefore, the simulated digestion experiments were conducted independently, and 154 subsequent analyses were performed from these independent samples.
155
The simulation of the oral and gastric phase was done using a semi-dynamic adult digestion period of study. The resulting mixture was then put through the gastric digestion.
167
The sample was placed into a 70 mL glass v-form vessel thermoregulated at 37 °C after the 168 addition of 10 % of the total volume of gastric mixture, simulating the residue in the stomach 169 during the fasted state. The gastric mixture contained 80 % simulated gastric fluid (SGF, 170 prepared according the protocol described in Minekus et al. (2014) was used for agitation.
177
After 25 min of gastric digestion, the sample was mixed using a 50 mL plastic syringe (BD
178
Plastipak, Ireland), the aperture of which had an inner diameter of 6.80 mm with a plastic 179 tube attached (6 mm inner diameter). This mixing was required to make the sampling more 180 accurate. Nevertheless, the colloidal behaviour during digestion seemed not to be impaired by 181 the initial mixing. Gastric emptying (GE) was simulated by taking 5 samples, referred to as 182 GE points in the text. The average time of those were 36 min (GE1), 72 min (GE2), 109 min
183
(GE3), 145 min (GE4) and 182 min (GE5). Samples were taken from the bottom of the vessel 184 using a serological pipette with a tip internal diameter of 2 mm because it approximates the 185 upper limit of particle size that has been seen to pass through the pyloric opening into the 186 duodenum (Thomas, 2006) . It is important to note that there was some residue left in the last
187
GE point that could not be taken using a pipette; this was taken using a spatula and included
188
in the last point. An aliquot of these GE samples was used for microscopic and particle size 189 analysis. Otherwise, the sample was mixed using a homogeniser (T10 basic Ultra-Turrax®, The microstructure of the initial and digested samples was observed using a Leica TCS SP5 The lipid content of the initial milk and emptied digesta was measured using a CEM Smart to proceed for 15 min, then the absorbance was measured at 340 nm using a multi-mode The consistency of the coagulum that persisted at the end of digestion, after about 182 min 274 (GE5 point) was analysed by small deformation rheology. The coagulum was separated from The results were expressed as means ± standard deviation of two replicates. The consistency of the milk coagulum was further studied by small deformation rheology 326 analysing the coagulum remaining in GE5. Table 1 shows the values of the complex modulus analysis, which was performed for 30 min.
333
It is important to note that some alteration of the structure could have been induced while 334 transferring the sample to the rheometer in order to perform the analysis. The coagulation, observed within the first 15 min of digestion, was reflected in the 338 microstructures of the emptied samples (Fig. 4 ). There were differences in the structure of the 339 protein matrix in the first stages of gastric digestion. The non-heated samples, in particular
340
Raw, seemed to form a more compact and dense network ( homogenised samples (Fig. 4D, E, F) , the native fat droplets appeared to be in the aqueous
345
phase showing some coalescence. In contrast, the fat droplets seemed to be easily entrapped 346 in protein network of the homogenised samples (Fig. 4M, N, O) , in which fine particles could 347 be seen distributed within the coagulum particles, in particular UHT+Homo (Fig. 4O) . The 348 effect of homogenisation on the structure at the end of gastric digestion (182 min) was 349 significant. All the homogenised samples presented a great number of small aggregates ( Fig.   350 4P, Q, R) compared to the large particles of non-homogenised samples (Fig. 4G, H, I ).
351
The changes in the droplet size were followed during digestion (Table 1) . Initially, the The protein (Fig. 5A ) and lipid (Fig. 5B) showing no increase in the GE4 point. After that, the level of proteolysis decreased in GE5.
377
Levels of proteolysis among samples differed greatly in GE1 and GE5. In GE1, Raw and M A N U S C R I P T A C C E P T E D (Fig. 3) . Homogenisation caused the disruption of the native MFGM, reduced the droplet size flocculation and some coalescence, and ultimately leading to the phase separation observed.
408
The non-homogenised samples, in contrast, still possessed the native MFGM, which could 409 provide more stability during gastric digestion. These structural changes were certainly due to that most of the droplets in the non-homogenised samples tended to be in the serum (Fig. 4D- 
417
F) compared to those of the homogenised samples ( Fig. 4M-O) . This might be due to easier Heat treatment was shown to be the main driver for the differences in coagulum consistency. in UHT milk is much higher than that in pasteurised milk (Douglas et al., 1981 casein, which is the same than that for chymosin (Drøhse & Foltmann, 1989 ) that is used for 
462
It is important to note that in this study the heat treatment was followed by the samples having a firmer coagulum, in particular Raw ( Fig. 2A) accounting for the lowest 478 content of nutrients delivered in the GE1 (Fig. 5) . In contrast, the very soft coagulum 479 obtained from UHT+Homo (Fig. 2F ) allowed more of the coagulum to be emptied. Hence,
480
the delivery of both lipid and protein in GE1 was the highest for UHT+Homo (Fig. 5) . It was
481
found that the release of lipid (Fig. 5A) point. One exception for that was UHT+Homo due to the high nutrient content at early stage.
485
Similar results could be seen in the protein profile (Fig. 5B ) even though the differences were 486 more subtle. This might be due to the more constant delivery of protein throughout digestion,
487
which might be attributed to the emptying of serum containing mainly whey proteins.
488
The proteolysis levels might be linked to the consistency of the coagulum, which was mainly 489 affected by heat treatment. The softness of the coagulum (Table 1 ) and the greater number of 490 smaller particles (Fig.2) from the heat treated samples, in particular in the UHT+Homo could 491 facilitate pepsin diffusion within the structure leading to the higher proteolysis obtained at the 492 end of digestion (Fig. 6 ). In contrast the lowest level of proteolysis was found in raw milk, in 493 which the hardness of the coagulum and larger particles hampered the pepsin accessibility.
494
The UHT treatment resulted in an enhancement of both caseins and whey protein digestion 495 (Fig. 7) . For the UHT samples, almost no detectable intact caseins or whey proteins were 
513
The gastric behaviour found in the stomach has been seen to influence satiety responses, 
519
The liquid system showed a delayed nutrient release due to the formation of the cream layer 520 during gastric digestion whereas the sedimentation in semi-solid system led to the early 521 emptying of high nutrient content. In the present study, we found creaming and sedimentation The metabolic responses relate to the nutrients delivered as a result of gastric emptying, 537 which is linked with the different structural changes occurring in the stomach. In the present 538 study, we used a convenient linear GE rate of 2 kcal/min, which is considered the average 539 caloric content that is emptied in a regulated manner by the antrum (Hunt & Stubbs, 1975) .
540
However, this is a simplistic approach since the GE rate differs in response to the behaviour 541 developed during gastric conditions as was shown by Mackie et al. (2013) . According to the 542 structural changes observed in the differently processed milk presented in this study, we 543 expect that the GE rate in humans could differ between the samples. kcal/min in a 500 mL meal (Hunt & Stubbs, 1975 
